Introduction
============

The identification of risk factors for future cardiovascular disease (CVD) and the development of risk prediction models are objectives of medical research. In clinical practice, the assessment of absolute risk in individual patients is important for determining treatment decisions, and a simplified tool to assess individual absolute risk (ie, risk assessment chart) would be useful. Some risk assessment charts using baseline risk factors and laboratory data from the general population have been proposed.^[@bib1],\ [@bib2]^ The number of hypertensive patients is approximately 40 million in Japan,^[@bib3]^ which makes it the largest population being treated in clinical practice. Therefore, an absolute risk assessment chart designed specifically for hypertensive patients would be widely useful and clinically beneficial. Conventional risk assessment charts aid in quantifying future (long term) CVD risk in the general population; however, these tools might not be appropriate for assessing risk and improving adherence to treatment in patients undergoing treatment. The risk assessment of patients on antihypertensive treatment should be based on their on-treatment blood pressure (BP). For patients to actually obtain the benefits of maintaining good BP control, the assessment of short-term risk, rather than long-term risk, might be more effective initially.

Using data from the Olmesartan Mega study to determine the relationship between Cardiovascular Endpoints and Blood pressure Goal Achievement (OMEGA) study,^[@bib4]^ a post-marketing study for the angiotensin receptor blocker olmesartan, we previously evaluated the association between achieved BP and CVD with the aim of identifying baseline risk factors.^[@bib5]^ In this analysis, we developed a risk prediction model for CVD using baseline risk factors and the BP reported during the study. At present, few absolute risk assessment charts for hypertensive patients have been developed, and no chart using on-treatment BP is available. We consider that our risk assessment chart would aid in instructing patients who have started medical treatment and in improving their adherence to treatment.

Methods
=======

Study design
------------

The OMEGA study was initiated in July 2005 as a post-marketing surveillance study by Sankyo (presently Daiichi Sankyo, Tokyo, Japan) in compliance with the regulations of the Japanese Ministry of Health, Labour and Welfare. The study protocol was approved by the Ethical Committee of Sankyo. The protocol conformed to the pharmaceutical affairs laws of Japan, and it was approved by the Ministry of Health, Labour and Welfare of Japan before commencement. This study conformed to the Declaration of Helsinki and was carried out at registered medical institutions according to Good Post-marketing Study Practice in Japan. Details of the study design and the baseline clinical characteristics of the patients have been reported previously.^[@bib4]^ In summary, eligible patients were male or female outpatients aged 50--79 years with physician-diagnosed hypertension who had not been treated with olmesartan. Exclusion criteria were a history of myocardial infarction, stroke, coronary artery bypass grafting or percutaneous coronary intervention within 6 months before enrollment, as well as scheduled coronary intervention, congenital or rheumatic heart disease, severe arrhythmia, severe hepatic or renal disease, cancer that was under treatment and pregnancy or the potential to become pregnant. Each patient was informed of the purpose and methods of the study, as well as their right to withdraw from the study at any time and the measures taken for confidentiality. After providing written informed consent and being prescribed olmesartan (typically 10 or 20 mg per day) at the physician\'s discretion, the patients were enrolled in an electronic data capturing system.

Study patients
--------------

Between July 2005 and March 2007, 15 313 patients from 2219 facilities were registered in the OMEGA study, and data were collected from 15 255 of those patients. Out of the 15 255 patients, 14 721 were enrolled in the analysis data set and 534 who failed to meet the eligibility criteria, had missing data or withdrew their consent to participate were excluded. To consider primary prevention, 13 052 patients with no history of CVD from the analysis data set of the OMEGA study were included in this analysis.

End points
----------

The end points were stroke (cerebral infarction, cerebral hemorrhage and subarachnoid hemorrhage), coronary heart disease (myocardial infarction and angina pectoris requiring cardiovascular intervention or hospitalization) and sudden death. CVD was defined as a composite of these three end points. The diagnostic criteria for the various end points were described in detail previously.^[@bib4],\ [@bib5]^

Statistical analysis
--------------------

The outcome considered in this analysis was CVD. The Cox proportional hazard model was used to establish the 3-year risk prediction model for CVD. To develop dynamic prediction models with on-treatment BP levels, the sliding landmarking method with three landmark time points (6, 12 and 18 months from baseline) was used. The prediction models included on-treatment BP levels (\<130/85 mm Hg, ⩾130/85  to \<140/90 mm Hg, ⩾140/90 to \<160/100 mm Hg and ⩾160/100 mm Hg) at each time point and baseline risk factors as covariates. We selected the baseline risk factors from the CV risk factors defined in JSH2014 (ie, smoking, dyslipidemia, obesity (body mass index \>25), metabolic syndrome, family history of coronary artery disease and diabetes) using a backward elimination method with a criterion of *P*\<0.05 for retention, while including sex and age in the model. BP values after 6 months were imputed using the last observation carried forward method, and patients with missing covariate values were excluded from the development of prediction models. The performance of each prediction model was evaluated in terms of both discrimination and calibration. Harrell\'s c-index for the time-to-event data and its 95% bootstrap confidence interval based on 1000 resamplings were estimated as a discrimination measure, and the Hosmer--Lemeshow *χ*^2^-tests with nine degrees of freedom for the time-to-event data were conducted as a calibration measure.^[@bib6],\ [@bib7],\ [@bib8]^ As an internal validation of the prediction models, the c-index corrected for its optimism was estimated by repeating the model evaluation process with the bootstrapping method.^[@bib9]^ The 3-year risk assessment chart was constructed by the combination of all risk factors in the prediction model, and six different colors were displayed on each chart corresponding to the predicted probability of CVD. All statistical analyses were conducted using SAS release 9.2 (SAS Institute, Cary, NC, USA). All *P*-values are two-sided, and values under 5% were considered statistically significant.

Results
=======

Study profile and baseline characteristics
------------------------------------------

The baseline characteristics of the 13 052 patients are shown in [Table 1](#tbl1){ref-type="table"}. Women accounted for 50.6% of the patients. The mean age was 64.5±8.2 years, the mean body mass index was 24.8±3.6 kg m^−2^, and the mean baseline systolic BP and diastolic BP were 158.1±17.7 and 89.4±12.1 mm Hg, respectively. The mean follow-up period was 2.7 years.

Antihypertensive treatment and blood pressure change
----------------------------------------------------

The mean daily dose of olmesartan at baseline and after 36 months was 17.2±5.5 mg (5 mg in 1.2%, 10 mg in 29.0%, 20 mg in 68.2% and 40 mg in 1.6%) and 17.2±8.5 mg (0 mg in 8.9%, 5 mg in 1.5%, 10 mg in 18.6%, 20 mg in 65.1% and 40 mg in 5.8%), respectively. The mean duration of dosing was 925.9±392.1 days. The number of patients receiving treatment with antihypertensive drugs other than olmesartan was 4785 (36.7%) at the start of olmesartan treatment and 3549 (55.1%) after 36 months. The mean BP (systolic BP/diastolic BP) was 158.1/89.4 mm Hg at baseline and 137.5/79.1 mm Hg after 6 months of administration, 136.9/78.5 mm Hg after 12 months, 135.8/77.7 mm Hg after 18 months and 134.1/76.3 mm Hg after 36 months.

CVD events and the incidence of CVD
-----------------------------------

The number of events during the follow-up period and the incidence of events per 1000 person-years are shown in [Table 2](#tbl2){ref-type="table"}. CVD occurred in 195 out of the 13 052 patients, with an incidence of 5.58/1000 person-years. The CVD events were stroke in 96 patients (2.74/1000 person-years), coronary heart disease in 94 patients (2.68/1000 person-years) and sudden death in 10 patients (0.28/1000 person-years).

Prediction models and risk assessment charts
--------------------------------------------

The details of our prediction models are shown in [Table 3A](#tbl3A){ref-type="table"}. When the landmark time point was set at 6 months, the significant factors were sex, age, smoking, family history of coronary artery disease and diabetes. Of these factors, the hazard ratio (HR) for diabetes was the highest (HR: 2.15, 95% CI: 1.53--3.03). All of the prediction models (6-, 12- and 18-month models) that include these factors showed moderate discriminative ability (c-index=0.683, (95% CI: 0.648--0.738), 0.654 (95% CI:0.618--0.723) and 0.679 (95% CI: 0.644--0.749)) and good calibration ability (χ^2^=7.61 (*P*=0.574), 9.68 (*P*=0.377) and 6.19 (*P*=0.721)), respectively ([Table 3B](#tbl3B){ref-type="table"}). The internally validated c-index corrected for its optimism was not very different from the apparent performance (c-index=0.664, 0.623 and 0.636, respectively).

The 3-year risk assessment chart was constructed as shown in [Figures 1](#fig1){ref-type="fig"}, [2](#fig2){ref-type="fig"}, [3](#fig3){ref-type="fig"}. The figures in each cell on each chart represent the predictive probability of CVD during the last period (from each landmark time to 3 years). Six different colors are displayed, one each corresponding to a specific predicted probability (\<1%, ⩾1 to \<2%, ⩾2 to \<3%, ⩾3 to \<5%, ⩾5 to \<10% and ⩾10%). As shown in [Figure 1](#fig1){ref-type="fig"}, if an elderly patient with diabetes and two other baseline risk factors (smoking and a family history of coronary artery disease) had no experience of CVD and had BP of ⩾130/85 and \<140/90 mm Hg at 6 months, the predictive probability of CVD within the last 2.5 years would be 8.6% in men and 6.0% in women. However, for a diabetic patient who had the same profile as the above-mentioned patient, but had achieved BP of under 130/80 mm Hg at 6 months, the predictive probability of CVD within the last 2.5 years would be as low as 8.0% in men and 5.5% in women, indicating a lower probability than for those who had not achieved a lower BP in a diabetic population.

Discussion
==========

Because hypertension has been reported as a risk factor for future strokes,^[@bib2],\ [@bib10]^ BP control is important to prevent those events. However, the percentage of hypertensive patients achieving the target BP level is low, and according to the report of the Japan Guideline Assessment Panel-2, only approximately 50% of patients receiving antihypertensive treatment achieve the target BP level defined by JSH2014.^[@bib11],\ [@bib12]^ A possible reason for the low target BP achievement is low patient adherence to antihypertensive treatment.^[@bib13]^ Therefore, in daily clinical practice, it is important for physicians to make patients understand their own risk and to motivate patients to adhere to the treatment. The quantitative measure for each patient\'s risk is useful in such patient education.

Recently, the assessment of absolute risk in hypertensive patients has been given important consideration, and this risk is increasingly taken into account in the treatment approach; however, few reports have discussed methods to systematically assess the absolute risk. As previously stated, conventional risk assessment charts designed for use in the general population^[@bib1],\ [@bib2]^ are considered beneficial for individuals who are preparing to start antihypertensive treatment, but these charts might not be appropriate for patients who have already been on antihypertensive treatment, in terms of raising their awareness of risk reduction by the treatment.

Against this background, the practice guidelines for the management of arterial hypertension of the European Society of Hypertension and the European Society of Cardiology published in 2013^[@bib14]^ have proposed a chart assessing the absolute risk in hypertensive patients on the basis of baseline BP and risk factors. This chart is considered useful for the physician\'s decision-making process for treatment and for instructing patients to improve their attitudes toward treatment. However, the use of only baseline BP in assessing absolute risk might not be sufficient because BP values in hypertensive patients can fluctuate after receiving antihypertensive treatment. Therefore, we consider that risk assessment using on-treatment BP is needed to improve patient motivation and adherence by helping patients to visualize the benefits of risk reduction. Another study has suggested that self-measured pulse pressure might also be a useful predictor of cardiovascular risk, independent of mean BP, in elderly patients.^[@bib15]^ Although we did not measure pulse pressure in the present study, it might be worth considering in future studies.

In the present analysis, we developed a dynamic prediction model and produced an absolute risk assessment chart that enables assessment of changes in absolute risk during the follow-up period. In the practical application, physicians could show this chart to their patients who are preparing to start antihypertensive treatment to help the patients understand the absolute risk after 6 months according to the degree of antihypertensive effects. After treatment is initiated, the absolute risk is to be assessed every 6 months with the risk assessment chart, to maintain patient understanding of the importance of continuous treatment. By applying the chart in this way, patients can have a grasp of their own risk, and we believe that awareness of the importance of continuous therapy would further improve patient adherence.

By using the risk assessment chart, the effects of risk factors other than BP could be considered. Using diabetes as an example, as shown in the rightmost column of [Figure 1](#fig1){ref-type="fig"}, the absolute risk for the male diabetic patients with three baseline risk factors (age ⩾65 years, smoking and family history of coronary artery disease) is higher than that of the male non-diabetic patient even if the patients achieve a BP of under 130/85 mm Hg at 6 months (8.0--13.7% for diabetic patients, 3.8--6.6% for non-diabetic patients, respectively). This result suggests that a lower target BP is preferable for diabetic patients, and this finding is consistent with the target BP defined in JSH2014 (ie, \<140/90 mm Hg for non-diabetic patients, \<130/80 mm Hg for diabetic patients).^[@bib10]^ The effect of smoking could also be assessed. As also shown in the rightmost column of [Figure 1](#fig1){ref-type="fig"}, the absolute risk for male smokers with three baseline risk factors (age ⩾65 years, diabetes and family history of coronary artery disease) and BP of under 130/85 mm Hg at 6 months is nearly the same as the risk for non-smokers with the same baseline risk factors and BP of above 160/100 mm Hg at 6 months (8.0% for smokers, 8.1% for non-smokers, respectively). This result might indicate that quitting smoking has the same level of effect on CVD prevention as BP lowering. We also conducted an analysis using a different category for age (ie, \<65, ⩾65 to \<75 and ⩾75 years) to investigate the effect of age. However, the results were rarely different (data not shown), which could be partly because there were no patients aged more than 80 years in the OMEGA study.

This study has some limitations and requires further consideration. First, we assessed the absolute risk during a period of 3 years because the median follow-up period of the study was approximately 3 years. Compared with that of other risk assessment charts, 3 years is a relatively short period. However, we consider that the prediction of events in a short-term period is also important in the actual patient population. A second limitation is the relevance of the risk factors included in the analysis. In the present analysis, the risk factors were selected using a statistical method to prepare a simple and easy-to-use assessment tool, and only BP was selected as a time-dependent risk factor because there were not sufficient longitudinal data for other risk factors that were not scheduled in the study protocol. Other factors such as body mass index, metabolic syndrome and dyslipidemia that were excluded from this analysis are also important. Regarding dyslipidemia, in a previous article related to the OMEGA study, we have reported that complications of dyslipidemia at baseline are not a risk factor for CVD and stroke but are a risk factor for coronary heart disease and that statin use has a preventive effect;^[@bib16]^ however, this finding is based on information at baseline, and the relationship between dyslipidemia and statin use during the follow-up period remains unclear. In another article, we have reported that increased lipid levels during follow-up are associated with increased CVD risk, even in hypertensive patients.^[@bib17]^ Therefore, we believe that it is important to consider complications of dyslipidemia and the role of statin use in terms of prevention of CVD events. Nevertheless, the predictive ability of each factor should be examined when developing a prediction model. The addition of those factors into the present model showed no marked improvement in the predictive ability. When the models were assessed on the basis of the information criteria for predictive modeling (ie, Akaike\'s information criterion), the results showed that the value of Akaike\'s information criterion of the selected model was smaller than that of the full model (2414.646 vs 2420.583), suggesting the better quality of the selected model. Therefore, we consider that the risk factors selected for the model are appropriate in terms of the prediction of CVD events. A third limitation is the generalizability of the charts. The present analysis used the data of patients undergoing olmesartan-based treatment, who are considered to be representative of those receiving antihypertensive treatment with an angiotensin receptor blocker, and therefore, our model could be used to quantify risk in this population to some degree. However, external validation is needed to verify our model in a more general hypertensive population.

The dynamic prediction model and risk assessment chart developed from the large-scale observational study data would help physicians to more easily assess the CVD risk for hypertensive patients on angiotensin receptor blocker-based antihypertensive treatment.

We are grateful to the patients, physicians and medical staff who participated in the OMEGA study and thank their co-workers for their support of the OMEGA study. We also thank Prof. Ikuo Saito for his valuable comments on this paper. The OMEGA study was sponsored by Daiichi (Tokyo, Japan). The study was registered at <http://www.clinicaltrials.jp/> with the unique trial number JapicCTI-050002.

The OMEGA study was sponsored by Daiichi Sankyo (Tokyo, Japan). ST has received a consulting fee from Daiichi Sankyo. TT has received research funds from Daiichi Sankyo. YO and MS are employees of Daiichi Sankyo. The remaining authors declare no conflicts of interest.

![Three-year risk assessment chart at 6 months. The numbers in each cell represent the predictive probability of cardiovascular disease in the subsequent 2.5 years. \*Family history of coronary artery disease; ^†^age at baseline; and ^‡^smoking status at baseline. BP, blood pressure.](hr2015120f1){#fig1}

![Three-year risk assessment chart at 12 months. The numbers in each cell represent the predictive probability of cardiovascular disease in the subsequent 2 years. \*Family history of coronary artery disease; ^†^age at baseline; and ^‡^smoking status at baseline. BP, blood pressure.](hr2015120f2){#fig2}

![Three-year risk assessment chart at 18 months. The numbers in each cell represent the predictive probability of cardiovascular disease in the subsequent 1.5 years. \*Family history of coronary artery disease; ^†^age at baseline; and ^‡^smoking status at baseline. BP, blood pressure.](hr2015120f3){#fig3}

###### Patient characteristics[a](#t1-fn2){ref-type="fn"}

  ------------------------------------------- -------------
  *n*                                         13 052
  Women                                       6610 (50.6)
  Age, years                                  64.5±8.2
   \<65                                       6493 (49.7)
   ⩾65                                        6559 (50.3)
  Body mass index, kg m^−2^                   24.8±3.6
  Systolic blood pressure, mm Hg              158.1±17.7
  Diastolic blood pressure, mm Hg             89.4±12.1
  Dyslipidemia                                6131 (47.0)
  Diabetes                                    3042 (23.3)
  Family history of coronary artery disease   760 (5.8)
  Smoking                                     2833 (21.7)
                                               
  *Laboratory test*                           
   HDL cholesterol, mg dl^−1^                 58.0±15.5
   LDL cholesterol, mg dl^−1^                 123.5±32.6
   Triglycerides, mg dl^−1^                   145.0±98.3
   Fasting blood glucose, mg dl^−1^           111.9±37.8
  Prior antihypertensive medication           6305 (48.3)
   Calcium channel blockers                   4598 (35.2)
   ARBs                                       2137 (16.4)
   ACE inhibitors                             855 (6.6)
   β-blockers                                 778 (6.0)
   Diuretics                                  494 (3.8)
   α-blockers                                 331 (2.5)
  ------------------------------------------- -------------

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

*n* (%) or mean±s.d.

###### Incidence of cardiovascular disease (*n*=13 052)

                                                                                    *Number of events*   *Incidence*[a](#t2-fn2){ref-type="fn"} *(95% CI)*   
  --------------------------------------------------------------------------------- -------------------- --------------------------------------------------- --------------
  Cardiovascular disease                                                            195                  5.58                                                 (4.85--6.43)
   Stroke                                                                           96                   2.74                                                 (2.24--3.34)
    Cerebral infarction                                                             79                   2.25                                                 (1.81--2.81)
    Cerebral hemorrhage                                                             13                   0.37                                                 (0.21--0.64)
    Subarachnoid hemorrhage                                                         5                    0.14                                                 (0.06--0.34)
   Coronary heart disease                                                           94                   2.68                                                 (2.19--3.28)
    Myocardial infarction                                                           29                   0.83                                                 (0.57--1.19)
    Cardiovascular intervention due to angina pectoris                              50                   1.43                                                 (1.08--1.88)
    Hospitalization due to angina pectoris other than cardiovascular intervention   18                   0.51                                                 (0.32--0.81)
  * *Sudden death                                                                   10                   0.28                                                 (0.15--0.53)

Abbreviation: CI, confidence interval.

Number of events per 1000 person-years.

###### Prediction models

                                 *Landmark time point: 6 months (*n=*10 549)*   *Landmark time point: 12 months (*n=*10 432)*   *Landmark time point: 18 months (*n=*10 027)*                                                                                
  ----------------------------- ---------------------------------------------- ----------------------------------------------- ----------------------------------------------- ------------------- -------- ------------------- ------------------- -------- -------------------
  *Variables*                                   *HR (95% CI)*                                         P                                       *Trend/overall* P                   *HR (95%CI)*        P      *Trend/overall* P     *HR (95%CI)*        P      *Trend/overall* P
  *Hypertension status*                                                                                                                                                                                                                                      
   \<130/85 mm Hg                                    ref                                             ---                                            0.055                              ref           ---           0.24                 ref           ---           0.045
   ⩾130/85 to \<140/90 mm Hg                  1.08 (0.67--1.76)                                     0.74                                             ---                        1.38 (0.79--2.39)    0.26           ---          1.21 (0.64--2.28)    0.56           ---
   ⩾140/90 to \<160/100 mm Hg                 1.20 (0.76--1.90)                                     0.44                                             ---                        1.56 (0.91--2.66)    0.10           ---          1.51 (0.82--2.79)    0.19           ---
   ⩾160/100 mm Hg                             1.78 (0.97--3.25)                                     0.06                                             ---                        1.56 (0.71--3.42)    0.27           ---          2.27 (0.97--5.32)    0.06           ---
                                                                                                                                                                                                                                                                       
  *Sex*                                                                                                                                                                                                                                                      
   Women                                             ref                                             ---                                            0.046                              ref           ---           0.03                 ref           ---           0.06
   Men                                        1.47 (1.01--2.14)                                     0.046                                            ---                        1.60 (1.04--2.44)    0.03           ---          1.61 (0.98--2.66)    0.06           ---
                                                                                                                                                                                                                                                                       
  *Age*                                                                                                                                                                                                                                                      
   \<65 years                                        ref                                             ---                                           \<0.01                              ref           ---          \<0.01                ref           ---          \<0.01
   ⩾65 years                                  1.84 (1.30--2.62)                                    \<0.01                                            ---                        1.96 (1.30--2.95)   \<0.01           .           2.18 (1.34--3.54)   \<0.01          ---
                                                                                                                                                                                                                                                                       
  *Smoking status*                                                                                                                                                                                                                                           
   Non-smoker                                        ref                                             ---                                           \<0.01                              ref           ---           0.23                 ref           ---           0.41
   Smoker                                     1.75 (1.19--2.57)                                    \<0.01                                            ---                        1.33 (0.84--2.09)    0.23            .           1.26 (0.73--2.17)    0.41           ---
                                                                                                                                                                                                                                                                       
  *Family history of CAD*                                                                                                                                                                                                                                    
   No                                                ref                                             ---                                            0.02                               ref           ---           0.11                 ref           ---           0.22
   Yes                                        1.89 (1.10--3.23)                                     0.02                                             ---                        1.71 (0.89--3.29)    0.11           ---          1.63 (0.75--3.55)    0.22           ---
                                                                                                                                                                                                                                                                       
  *Diabetes*                                                                                                                                                                                                                                                 
   No (Incl. borderline)                             ref                                             ---                                           \<0.01                              ref           ---          \<0.01                ref           ---          \<0.01
   Yes                                        2.15 (1.53--3.03)                                    \<0.01                                            ---                        1.81 (1.22--2.71)   \<0.01          ---          1.88 (1.18--3.01)   \<0.01          ---

###### Discriminative ability and calibration of the prediction model

             *Landmark time point: 6 months*   *Landmark time point: 12 months*   *Landmark time point: 18 months*
  --------- --------------------------------- ---------------------------------- ----------------------------------
  c-index      0.683 (95% CI 0.648--0.738)       0.654 (95% CI 0.618--0.723)        0.679 (95% CI 0.618--0.723)
  HL-χ^2^           7.61 (*P*=0.574)                   9.68 (*P*=0.377)                   6.19 (*P*=0.721)

Abbreviations: CAD, coronary artery disease; CI, confidence interval; HR, hazard ratio.
